Chemical purification of the ethyl acetate extract from the seeds of Sophora alopecuroides yielded a new natural product, ethyl 2-(4-hydroxybenzyl) malic acid (1), along with 7 known compounds, methyl eucomate (2), eucomic acid (3), piscidic acid (4) and ethyl 2-(4-hydroxybenzyl) tartrate (5), butein-4'-O-β-Dglucopyranoside (6), iso-liquiritigenin (7), and butein (8). The structure of 1 was determined by spectroscopic analyses including extensive 1D ( 1 H NMR, 13 C NMR) and 2D NMR spectra (COSY, HSQC and HMBC) as well as MS data. All compounds were evaluated for their cytotoxic activities against hepatocellular carcinoma (HCC) cell lines, HepG2 andHep3B. Compound 8 significantly inhibited the cancer cell growth in a concentration-dependent manner.
Sophora alopecuroides Linn. is widely distributed in the desert of northwest and north China. The seeds of this herb have been used as the traditional Chinese medicine "Buya" in northwest China to treat acute diarrhoea and enteritis. Pharmacological studies show that the plant exhibits a variety of biological activities including anticancer, antivirus, antibacterial and anti-neuroinflammatory [1] [2] [3] . Phytochemical studies were mainly focused on its alkaloids and flavonoids [4] [5] , but little is known regarding phenolic compounds. One new and four known phenolic compounds as well as three known chalcones were isolated from seeds of S. alopecuroides. On the basis of the spectroscopic data, they were identified as ethyl 2-(4-hydroxybenzyl) malic acid (1), methyl eucomate (2), eucomic acid (3), piscidic acid (4), ethyl 2-(4-hydroxybenzyl) tartrate (5), butein-4'-O-β-D-glucopyranoside (6), iso-liquiritigenin (7) and butein (8) (Figure 1 ). Compounds 1-3 and 5-7 were isolated from S. alopecuroides for the first time. Cytotoxicity for all isolates was tested against human hepatocellular carcinoma HepG2 and Hep3B cell lines. Compound 8 had been reported to be effective anti-cancer compound [6] . Our results confirmed that compound 8 significantly inhibited the cancer cell growth in a dose-dependent manner. Moreover, all of the compounds did not show cytotoxic activity against HEK293 cell line. , combined with the NMR spectral data. The characteristic maximum absorptions at 205, 227 and 277 nm in the UV spectrum suggested that 1 was an aromatic derivative [7] . Its IR spectrum showed strong absorption bands for a hydroxyl group (3374 cm -1 ), a carbonyl group (1712 cm -1 ) and benzene ring (1613, 1592 cm -1 ). Combined analysis of 1 H NMR and 13 C NMR data of 1 and 3 showed that 1 is a derivative of eucomic acid (3). The only difference between 1 and 3 is the presence of an additional ethyl group in 1. The HSQC and 1 H-1 H COSY spectra of 1 provided unambiguous assignments of proton and carbon signals in the NMR spectra. In the HMBC spectrum, the key HMBC long range correlations ( Figure 2 The known compounds, including methyl eucomate (2) [9] , eucomic acid (3) [10] , piscidic acid (4) [11] , ethyl 2-(4-hydroxybenzyl) tartrate (5) [12] , butein-4'-O-β-D-glucopyranoside (6) [13] , iso-liquiritigenin (7) [14] and butein (8) [15] were identified by NMR spectroscopic analysis and comparing with the reported data in the literatures. Figure 3A ). And then, HepG2 cells were treated with compound 8 (10, 20, 30, 40 μM) and CDDP (25 μM). After 12, 24 and 48 h of incubation, cell viability and cytotoxicity were tested, and the results were showed in Figure 3A . Cell cycle arrest is known as a stopping point in the cell cycle transition such as G0, G1, S and G2/M phases for cell duplication and division. To confirm the effect of 8 on cell death and cell cycle arrest in cancer cells, HepG2 cells were treated with various concentrations of 8 for 24 h. The cells were stained with propidium iodide, and cell-cycle activity was analyzed using flow cytometry. As shown in Figure 3B , compound 8 increased sub-G1 population up to 24.96% and 37.48% at the concentrations of 10 μM and 20 μM, respectively, compared with untreated control (1.47%) in HepG2 cells.
Moreover, in order to validate whether compound 8 suppressed cell viability in a dose-dependent manner, HepG2 cells were coincubated with 8 (0, 10, 20 μM) and CDDP (25 μM). According to the result of a phase contrast microscope and Hoechst 33258 staining to evaluate the influence (include distortion, membrane blebbing and shrinkage) of compound 8 on the HepG2 cell morphology. Our results indicated that a large proportion of cells became round in shape and necrotic. By comparison, the untreated group grew well with clear cytoskeletons (Figure 4 ). Microscopy also revealed that the numbers of cells that shrunk and subsequently peeled from the culture plate were significantly larger when treated with compound 8 (Figure 4) . Consequently, compound 8 resulted in an enhanced and dose-dependent induction of apoptosis in HepG2 cells. In conclusion, one new and four known phenolic compounds as well as three known chalcones were isolated from S. alopecuroides. On the basis of the spectral data, they were determined as ethyl 2-(4-hydroxybenzyl) malic acid (1), methyl eucomate (2), eucomic acid (3), piscidic acid (4), ethyl 2-(4-hydroxybenzyl) tartrate (5), butein-4'-O-β-D-glucopyranoside (6), iso-liquiritigenin (7) and butein (8 
Extraction and isolation: Dried seeds of Sophora alopecuroides
Linn. (1.0 kg) were ground and then extracted sequentially by maceration with 95% EtOH three times (3 L each) at room temperature. The solvent was evaporated under reduced pressure to obtain a crude extract (170 g). The extract was suspended in warm water, and then partitioned successively with petroleum ether, ethyl acetate, and n-butyl alcohol to afford PE fraction (12 g Supplementary data: The 1D-and 2D-NMR spectra of compounds 1-8, are available as Supporting information.
